Background High platelet counts are associated with an adverse effect on survival in various neoplastic entities. The prognostic relevance of preoperative platelet count in pancreatic cancer has not been clarified. Methods We performed a retrospective review of 205 patients with ductal adenocarcinoma who underwent surgical resection between 1990 and 2003. Demographic, surgical, and clinicopathologic variables were collected. A cutoff of 300,000/ll was used to define high platelet count.
Introduction
Pancreatic adenocarcinoma is the fourth leading cause of cancer deaths in the United States. The new cases and deaths in 2006 were 32,180 and 31,800 respectively, with an overall 5-year survival of less than 4% [1] . Surgical resection remains the only option for long-term survival, but both resectability rates (10%-22%) and 5-year actual survival postresection (12%-17%) continue to be low [2] [3] [4] . Multiple factors significantly affect survival in resected patients, including lymph node status, resection margins, tumor differentiation, and adjuvant treatment [3, 5] .
Thrombocytosis is not an uncommon laboratory abnormality. It can be caused by a clonal bone marrow disorder (primary), but more frequently it represents a reactive process (secondary) [6] . Among patients with the latter, cancer is a well-described cause. Platelets play an important role in angiogenesis and proteolysis of the basal membrane, and both situations are present in the process of tumor growth and metastatic spread [7] .
Some studies have found that thrombocytosis is associated with poor survival in renal [8] [9] [10] [11] [12] [13] , gynecologic [14] [15] [16] [17] [18] [19] [20] [21] , and lung tumors [22, 23] . Thrombocytosis has also been evaluated in pancreatic carcinoma, but the number of patients studied is small and the results are conflicting [24] [25] [26] . The aim of the present study was to evaluate the prognostic relevance of preoperative platelet count in a large cohort of patients with resected pancreatic cancer.
Methods
After Institutional Review Board approval, we performed a retrospective review of 221 patients with pathologically proven pancreatic ductal adenocarcinoma who had undergone surgical resection at Massachusetts General Hospital between 1990 and 2003. Demographic, surgical, pathologic, and laboratory variables were collected. Patients with adenocarcinoma arising in intraductal papillary mucinous neoplasm (IPMN) were not included.
In a review of the literature, most of the studies addressing the association between thrombocytosis and cancer prognosis used a cutoff of 400 9 10 3 /ll. We chose a cutoff of 300 9 10 3 /ll in accordance with previously published studies relating platelet count to pancreatic cancer [24, 26] .
Patients were divided into two groups according to the preoperative platelet count: group I: high platelet group (C300,000/ll) and group II: low platelet group (\300,000/ ll).
Follow-up until December 2006 was obtained to determine overall survival. Disease-specific survival was considered the same as overall survival in view of the poor long-term survival expectancy. These data were obtained from hospital records or from direct contact with patients, their families, or primary care physicians, and confirmed using the Social Security Death Index.
Because of potential confounding with platelet count, 10 patients with autoimmune disease, use of anticoagulants, acute and/or chronic infections, or use of steroids were excluded from the analysis, as were 6 patients who died in the first 30 days after surgery. This yielded a final cohort of 205 patients.
Statistical Analysis
Results are presented as either median and range or mean±standard deviation. Chi-square was used for categorical variables and Student's t-test or the Mann-Whitney U-test were used for continuous variables with parametric or nonparametric distributions, respectively, after exploration analysis of normality with the Kolmogorov-Smirnov test. Survival was calculated with the Kaplan-Meier method to deal with censored data present after 5 years. Before the 5-year endpoint, however, the curve corresponds to actual survival. The log-rank test was used to analyze the impact of prognostic factors on survival. Factors that were significant in that regard underwent a Cox regression model to assess independence. Significance was set at a 0.05 level. SPSS 15.0 software was used.
Results

Patients
For the 205 patients evaluated, the mean age was 66.2 ± 9.7 and 108/205 (53%) patients were men. In keeping with the anatomic location of the tumor, pancreatoduodenectomy was performed in 176/205 (86%) and distal pancreatectomy in 29/205 (14%). The 30-day mortality rate was 6/221 (2.8%) (excluded from survival analysis), and overall morbidity was 56/205 (27.3%). Morbidity causes were delayed gastric emptying 16/56 (28.5%), pancreatic leakage 13/56 (23.2%), cardiopulmonary complications 14/56 (25%), abdominal abscess 9/56 (16%), and biliary leakage 4/56 (7.1%). The median length of hospital stay was 10 days (2- 
High and Low Platelet Groups
Fifty-six patients (27.4%) had a high platelet count and 149/205 (72.6%) comprised the low platelet group. Preoperative platelet counts were 355 9 10 3 /ll (301-749) and 227 9 10 3 /ll (90-299), respectively, in the high and low platelet groups. A significant association was found between leukocyte count [ 7,000/ll, hemoglobin \ 12 g/ dl, and high preoperative platelet count (p = 0.0001 and p = 0.001, respectively) Adjuvant chemoradiation, chemotherapy alone, length of stay, and postoperative morbidity did not differ between the high and low platelet groups (Table 1) . Grading, positive margins, metastatic lymph nodes, and vascular and perineural invasion were also equally distributed between the two groups ( Table 2 ).
Survival
The overall median survival of the cohort was 17 (2-178) months. Only 35 patients of 205 (17%) achieved more than 5 years of survival, and of these, 8/205 (4%) patients are still alive at the end of follow-up (Fig. 1) .
In the high platelet group, the median survival was 18 (2-137) months, whereas in the low platelet group it was 15 (2-178) months (p = 0.7) (Fig. 2) . Tables 3 and 4 show clinicopathological and laboratory parameters related to survival.
Other Prognostic Factors Affecting Survival
By univariate analysis, presence of positive margins, metastatic lymph nodes, and vascular and perineural invasion were associated with poor survival, as were preoperative CA19-9 values above 200 U/ml and a prothrombin time of more than 13 s. No difference was found in patients who 
Discussion
Thrombocytosis is commonly a reactive process. Differentiation between the latter and a primary cause is difficult to achieve by means of the platelet count alone [27] . Among the reactive causes, cancer has been well described. In addition, the presence of thrombocytosis in some neoplastic entities has been associated with poor prognosis. Brown, et al. evaluated 109 patients who underwent pancreatic resection for ductal adenocarcinoma. They found that the median survival of patients with a high preoperative platelet count was significantly worse than that of patients with a platelet count of \ 300 9 10 3 /ll (11.2 and 18.6 months, respectively) [24] . In another study, Suzuki, et al. found a mean disease-free interval of only 4.9 months in patients with high platelet count, compared to 46.5 months in patients with a platelet count of \ 400 9 10 3 /ll. This striking difference, however, is questionable, because many patients were censored in the disease-free interval curve before the median was reached, and their cause and number are not stated [25] . As previously shown by Gudjonsson, Kaplan-Meier curves based on actuarial data are misleading if they are not accompanied with a clear definition of the actual number of patients who achieve the endpoint of interest (recurrence in the case of disease-free interval and death in survival curves), and the amount and cause of censored data. Censoring at the initial slope of the curve decreases the sample size and overweighs survival rates as the curve progresses with time [28] .
Schwartz and Kenry, on the other hand, described the opposite finding in a study of 49 patients with periampullary cancer, suggesting a correlation between low preoperative platelet count and poor survival [26] . However, patients with different neoplastic entities were included. In the present study we did not find a significant difference in median survival among 205 patients with resected ductal pancreatic adenocarcinoma when stratifying for high and low platelet count (18 versus 15 months; p = 0.7). We must emphasize that in our cohort the data shown at 5 years is actual survival time, with no patients to follow up lost and a minimum follow-up of 62 months for the eight patients who remained alive. Our 5-year actual survival rate of 17% is consistent with that previously reported in the literature [2] [3] [4] . Presenting actual survival and clearly defining the subset censored implies reliable short and long-term survival data.
In a study including 732 patients with a platelet count greater than 500 9 10 3 /ll, 87% presented a reactive cause, the three principal causes being tissue damage (36.7%), infection (21%), and malignancy (11%) [29] . Given the low proportion of thrombocytosis related to malignancy when a high platelet cutoff is considered, it is possible that more frequent causes of reactive thrombocytosis that present concomitantly with the neoplastic entity potentially may confound the survival analysis and thus fail to identify the prognostic relevance of platelets in malignancy. We also performed our analysis using a cutoff of 400 9 10 3 /ll. This decreased markedly the number of patients in the high platelet group (from 56 to 14 patients), but still found no difference in survival (data not shown).
Leukocyte count [ 7,000 and hemoglobin level \ 12 g/ dl were significantly associated with a high preoperative platelet count (p = 0.0001; p = 0.001). Brown, et al. [24] reported the same relation, and so have other reports on gastric, endometrial, cervical, and metastatic renal cell carcinoma [11, 14, 19, 30] . However, in our cohort, neither high WBC nor low hemoglobin counts were associated with poor survival.
In concordance with prior studies, preoperative CA 19-9 C 200 U/ml, positive margins, metastatic nodes, an perineural and vascular invasion were all significantly associated with poor survival [31, 32] . With the exception of perineural invasion, all of these parameters remained significant after multivariate analysis. No differences in survival between patients who underwent chemotherapy or chemoradiation were detected, probably as a result of the low number of patients in each treatment arm.
In summary, this cohort of resected patients with ductal adenocarcinoma of the pancreas with complete Fig. 2 Survival following resection for pancreatic cancer in patients with high and low preoperative platelet counts. Low (solid line):\300 (n = 149). High (dashed line): C300 (n = 56). + indicates alive at final follow-up (n = 8) + 304 9 228 mm (400 9 400 dpi) Fig. 1 Overall survival of patients with resected ductal pancreatic adenocarcinoma. + indicates alive at final follow-up (n = 8) 304 9 228 mm 304 9 228 mm (400 9 400 dpi) follow-up shows no statistical evidence to support that preoperative platelet count is either an adverse or a favorable prognostic factor. Although higher platelet cutoffs could potentially show a difference in survival, the number of patients needed to demonstrate this would have to be quite large. This study using actual survival data at 5 years confirms that lymph node status, vascular invasion, positive margins, and CA 19-9 C 200 U/ml significantly predict the outcome in resected pancreatic cancer. 
